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Abstract 
The goal of ALICE at the CERN-LHC is to study the structure of the QCD phase diagram at extremely high 
temperature and very large energy density. In particular, ALICE focuses on the properties of the hot and dense 
matter created in ultra-relativistic heavy ion collisions. The ALICE experiment features tracking to low transverse 
momentum (down to 150 MeV/c), as well as a variety of particle identification techniques, and jet identification. 
After the LS2 (2018-19 Long Shutdown), ALICE will focus on rare probes, such as heavy-flavors, quarkonia, 
photons and jets with improved performance, thanks to the detector upgrade which will further strengthen the 
physics potential of the experiment. In order to carry out the precision measurements of rare and untriggerable 
probes, the long-term strategy of the ALICE upgrade is to fully utilize high luminosity provided by the LHC after 
the LS2, and to collect 10 nb-1 at the collision rates of 50 kHz (luminosity L = 6 x 1027 cm-2 s-2).  In this talk, we 
present the current status of the ALICE detector, the limitations of existing measures and the prospects for 
physical measurements with the upgrade.  
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1. Introduction 
ALICE at the LHC consists of a variety of detector 
systems for measuring hadrons, leptons, and photons 
(Fig. 1). ALICE is designed to perform measurements 
of high-energy nucleus-nucleus collisions in order to 
study quark matter (QCD matter) [1] under extreme 
conditions. ALICE announced at the Quark Matter 
2012 conference that the experiment produced quark-
gluon plasma (QGP) with a temperature of about 5.5 
trillion degrees, the highest temperature mass achieved 
in any controlled experiments thus far. ALICE 
involves a collaboration of more than 1200 physicists, 
engineers and technicians from 132 institutions in 36 
countries across the world. The detector has 
successfully analyzed physics data from proton-
proton, lead-lead, and proton-lead collisions during the 
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past five years. A discussion of ALICE’s physics 
program is in [2] and a list of publications in [3].  
 
QCD is the established gauge theory of strong 
interactions; however several of its fundamental 
aspects are not well understood at present. There 
remain important open questions about the parton-
hadron transition, the nature of confinement, and the 
nature of QCD matter at high temperature. Matter has 
to undergo a QCD phase transition to reach the QGP 
state. Below a critical temperature, matter is described 
according to QCD in terms of hadronic degrees of 
freedom, with quarks and gluons confined in colour-
neutral objects. As the temperature rises the hadrons 
melt (deconfinement phase transition), and quarks and 
gluons become no longer bound to hadrons. The 
deconfinement phase transition is caused by the 
breaking of a fundamental symmetry in the limit of 
pure gauge QCD at high temperature. A second phase 
transition is related to the generation of the hadronic 
mass. According to QCD at low temperatures, the 
vacuum comprises a sea of ordered quark-antiquark 
pairs called a “condensate.” As the temperature rises 
the vacuum condensate decreases, and quark masses 
drop to their bare values during the chiral phase 
transition. That is, the phase transition is accompanied 
by chiral symmetry restoration as manifested by the 
decrease of the chiral condensate as a function of the 
temperature. 
 The experimental verification of these phase 
transitions and a comprehensive investigation of the 
properties of strongly interacting matter at high 
temperature are the principal objectives of the ALICE 
scientific program. Precise determination of the QGP 
properties, such degrees of freedom, speed of sound, 
as a critical temperature, transport coefficients and 
equation of state, is the ultimate goal of ALICE. These 
measurements significantly contribute to the 
understanding of QCD and the complex issues of 
deconfinement and chiral symmetry restoration. 
2. ALICE detector upgrade 
In order to fully exploit the scientific potential of 
the LHC upgrade scheduled for the Long Shutdown 2 
(LS2), the ALICE collaboration is undertaking a major 
initiative to extend its physics program. The 
improvement of the ALICE detector will enable 
detailed and quantitative characterization of the high 
density, high temperature phase of strongly interacting 
matter, together with the exploration of new 
phenomena in QCD. In the following sections, we 
summarize the planned upgrade and physics 
motivation for running the LHC with heavy ions at 
high luminosities. With the proposed timeline of 
initiating high-rate operation after the 2018 LS2, the 
objectives of the upgrade plans will be achieved by 
collecting data into the 2020 decade. 
The study of the strongly interacting state of matter 
following LS2 will focus on rare probes and the study 
of their coupling with the medium and hadronization 
processes. These include heavy-flavour particles, 
quarkonium states, real and virtual photons, jets and 
their correlations with other probes. 
 
1. Study of the thermalization of partons in the QGP, 
with a focus on the massive charm and beauty 
quarks. Heavy-quark azimuthal-flow anisotropy is 
especially sensitive to the partonic equation of 
state.  
2. Study of the low-momentum quarkonium 
dissociation and, possibly, regeneration pattern, as a 
probe of deconfinement, and an evaluation of the 
medium temperature. 
3. Study of the production of thermal and virtual 
photons emitted by the QGP. This study should 
allow assessing the initial temperature and the 
equation of state of the medium.  
4. Study of the in-medium parton energy loss 
mechanism, which provides both a testing ground 
for the multi-particle aspects of QCD and a probe 
of the QGP density. With jets characterization as 
the relevant observable: jet structure, jet–jet and 
photon–jet correlations, and heavy flavour particle 
production in jets.  
5. Extract the energy density of the medium, the color 
charge and mass dependence of parton in-medium 
energy loss via measurements of heavy quark 
production separately for charm and beauty in the 
 
Fig. 1. The ALICE detector at the LHC. 
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single muon channel and J/  from b-hadrons 
decay.  
6. Search and study of heavy nuclear states such as 
light multi-Λ hyper-nuclei 

 , bound states of 
(ΛΛ) or the H dibaryon, (Λn) bound state, as well 
as bound states involving multi-strange baryons. 
7. Investigate the chiral nature of the phase transition 
via measurements of low mass vector mesons. 
8. Thermalization and hadronization of heavy quarks 
in the medium, studied by measuring the 
baryon/meson ratio for charm (Λc/D) and for beauty 
(Λb/B), the azimuthal anisotropy v2, for charm 
mesons and baryons, and the possible in-medium 
thermal production of charm quarks. 
 
The expected improvement in the physics reach for 
these observables is summarized in Table I. The 
observables are presented in comparison with the 
presently on-going ALICE program, which 
corresponds to delivered integrated luminosity of        
1 nb-1. The ALICE upgrade physics reach assumes an 
integrated luminosity of 10 nb-1 using a minimum-bias 
data collection and a special low-magnetic-field run 
with 3 nb-1 of integrated luminosity for low-pT 
dielectron study. 
To achieve the goals described above, high 
statistics and high precision measurements are 
necessary. Many of these measurements will involve 
complex probes at low transverse momentum, where 
traditional methods for triggering will not be 
applicable. Therefore, the ALICE collaboration is 
planning to upgrade the current detector by enhancing 
its low-momentum vertexing and tracking capability, 
and allowing data taking at substantially higher rates. 
The upgrade strategy is formulated under the 
assumption that, after the second long shutdown in 
2018, the LHC will progressively increase its 
luminosity with lead beams eventually reaching an 
interaction rate of ~50 kHz, or instantaneous 
luminosities of L = 6 x 1027 cm-2s-1. In the proposed 
upgrade the ALICE detector is modified such that all 
interactions will be inspected. ALICE will then be in a 
position to accumulate 10 nb-1 of Pb–Pb collisions 
inspecting about 1011 interactions. This is the 
minimum needed to address the proposed physics 
program with focus on rare probes both at low and 
high transverse momenta as well as on the multi-
dimensional analysis of such probes such as centrality, 
event plane and multi-particle correlations. The 
planned upgrades will preserve the current particle 
identification capability while enhancing the vertex 
detectors, triggering and tracking capabilities, and 
include: 
 
1. A new, high-resolution, low material budget Inner 
Tracking System (ITS). With this new detector, the 
resolution of the distance of closest approach 
between a track and the primary vertex will be 
improved by a factor of about 3 down to very small 
pT, and the standalone ITS tracking performance 
will be significantly enhanced. For a detailed 
discussion refer to the ITS Conceptual Design 
Report [4]. 
2. Upgrade of the Time-Projection Chamber (TPC) 
with replacement of the readout multi-wire 
chambers with GEM (Gas Electron Multiplier) 
detectors and new-pipelined readout electronics. 
This is needed in order to operate the TPC in 
ungated mode and make its readout dead-time free 
as discussed in detail in the TPC Conceptual 
Design Report [5]. 
3. Upgrade and integrate the Online and Offline 
Systems: High-Level Trigger (HLT), data 
acquisition (DAQ) and trigger system, to adapt for 
high rates. The rate for heavy-ion events handled by 
the online systems up to permanent data storage 
should be increased up to 50 kHz corresponding to 
roughly two orders of magnitude with respect to the 
present system. 
4. A new silicon vertex tracker (Muon Forward 
Tracker - MFT), added to the Muon Spectrometer 
upstream of the hadron absorber. The MFT will 
allow to match the extrapolated muon tracks 
coming from the tracking chambers after the 
absorber with the clusters measured in the MFT 
planes before the absorber, allowing the precise 
characterization of the muon vertex. The MFT 
conceptual design is found in [6]. 
5. Upgrade of the forward trigger detectors and trigger 
system for high rate operation. The FIT Conceptual 
Design Report is found in [7]. 
 
 
Fig. 2. Schematics of the ALICE detector upgrade. 




 The main components of the ALICE upgrade are 
illustrated in Fig. 2. In the following sections, we will 
give the details of the upgrade components, show the 
expected performance, and illustrate some of the 
physics capabilities that these upgrades will bring to 
ALICE. 
3. Inner Tracker System 
The upgrade of the ITS to improve its current 
resolution and readout rate capabilities is a 
fundamental cornerstone for the future ALICE physics 
program.  A rendering of the new ITS detector is 
shown in Figure 3. 
The key features of the ITS upgrade are: 
− First detection layer closer to the beam line: at 
present the radial distance of the first layer from 
the beam line is 39 mm. For the upgrade the 
radius will be of around 23 mm.  
− Reduction of material budget: reducing the 
material budget of the first detection layer is 
particularly important for improving the impact 
parameter resolution. The use of Monolithic 
Active Pixel Sensors (MAPS) will allow the 
silicon material budget per layer to be reduced by 
a factor of 7 in comparison to the present ITS (50 
μm instead of 350 μm). Furhtermore the total 
material budget will go from the present radiation 
length of X0 = 1.14% to 0.3%. 
− Geometry and segmentation: the pixel size will be 
reduced from 50 μm  425 μm to 30 μm  30 
μm. 
− The present ITS features a maximum readout rate 
of 1 kHz. The detector aims to read the data from 
Pb-Pb collisions up to a rate of ~ 100kHz. 
 
 
Fig. 3. Rendering of the ITS upgrade, including the 
inner, outer planes and the beampipe. 
Table I. Comparison of the physics reach, minimum accessible pT and relative statistical uncertainty for selected observables between the 
approved scenario and the proposed upgrade. 
Observable Approved Upgrade 
  
(GeV/c) 




 Heavy Flavor 
D meson  1 10 % at  0 0.3  % at  
D meson from B decay   3 30 % at  2 1 % at  
D meson elliptic flow (  ) 1 50 % at  0 2.5  % at  
D meson elliptic flow (  ) not accessible 2 20 % at  
Charm baryon-to-meson ratio not accessible 2 15 % at  
 meson  4 15 % at  1 1% at  
 Charmonia  
J/  (forward rapidity) 0 1 % at 1 GeV/c 0 0.3 % at 1 GeV/c 
J/  (mid rapidity) 0 5 % at 1 GeV/c 0 0.5 % at 1 GeV/c 
J/ elliptic flow (  ) 0 15 % at 1 GeV/c 0 5 % at 2 GeV/c 
(2S) yield 0 30 % 0 10 % 
 Dielectrons 
Temperature (intermediate mass) not accessible  10 % 
Elliptic flow (  ) not accessible  10 % 
Low-mass spectral function not accessible 0.3 20 % 
 Heavy Nuclear States 
Hyper (anti) nuclei   yield  35%  3.5 % 
Hyper (anti) nuclei   yield not accessible  20 % 
 Muon MFT enabled 
Prompt J/   Not accessible 0 10% at 1 GeV 
J/  from b - hadrons Not accessible 0 10% at 1 GeV 
Open charm single μ Not accessible 1 7% at 1 GeV 
Open charm single μ Not accessible 2 10% at 2 GeV 
Low mass spectral function Not accessible 1-2 20% at 1 GeV 
Open HF in single μ no c/b split  4 30% at 4 GeV  




The new silicon tracker featuring the characteristics 
listed above will enable the track position resolution at 
the primary vertex to be improved by a factor of 3 or 
larger down to pT ~ 500 MeV/c. The standalone 
tracking efficiency is comparable to the one that can 
be presently achieved by combining the information of 
the ITS and the TPC. The relative momentum 
resolution of the silicon tracker standalone would be 
about 2% up to 2 GeV/c and remain below 3% up to 
20 GeV/c. 
 
 The ITS stand-alone tracking efficiency, the 
impact parameter resolution and pT  resolution from 
Monte Carlo simulations of central Pb–Pb collisions as 
a function of pT is shown in Figures 4, 5 and 6. Two 
independent tools were developed for the simulation: a 
fast simulation and a detailed Monte Carlo  (MC) 
method fully integrated within the ALICE’s data 
analysis framework AliRoot code [8]. 
 
As an example of the physics capabilities that will be 
enabled with the ITS upgrade, we present in Fig. 7 the 
comparison between the invariant mass distributions 
of D0 candidates with 2 < pT < 4 GeV/c obtained from 
the analysis of ~30000 central (0–20%) Pb–Pb events 
at    (HIJING events enriched with 
charm signals) with the current and upgrade scenarios. 
 
4. Time projection chamber 
The performance of the new ITS will significantly 
expand the physics reach of the ALICE central barrel. 
On the other hand, precision measurements of the key 
observables outlined above require tracking and PID 
information from the TPC. In order to conduct the 
envisaged physics program with optimum precision, 
exploiting the full LHC luminosity, the TPC will be 
upgraded. 
 
 This upgrade is intended primarily to overcome the 
rate limitation of the present system, which arises from 
the gated operation of the MWPC-based readout 
chambers. These readout chambers are operated with 
an active bipolar Gating Grid (GG), which, in the 
 
Fig. 7 D0  K-π+ Invariant mass, performance simulation. 
 
Fig. 4. The ITS upgrade simulated efficiency. 
 
Fig. 6 Transverse impact parameter resolution as a function of pT in pp 
collisions at  =7 TeV with the ITS stand-alone compared to the 
predictions of the MC ITS Upgrade simulation. 
 
Fig. 5. The ITS upgrade resolution. 




presence of a trigger, switches to transparent mode to 
allow the ionization electrons to pass into the 
amplification region. After the maximum drift time of 
~100 μs the GG wires are biased with an alternating 
voltage that renders the grid opaque to electrons and 
ions. This protects the amplification region against 
unwanted ionization from the drift region, and 
prevents back-drifting ions from the amplification 
region to enter the drift volume. Due to the low 
mobility of ions, efficient ion blocking requires the 
GG to remain closed for ~180 μs after the end of the 
event readout. This gating scheme leads to an intrinsic 
dead time of the TPC system of ~ 280 μs, implying a 
principal rate limitation of readout of the TPC to about 
3.5 kHz and for ALICE of ~ 300 Hz for central Pb–Pb 
collisions. Operation of the TPC at the 50 kHz 
required for the ALICE detector readout after the LHC 
upgrade cannot be accomplished with the current ion-
gating scheme. 
The TPC will be upgraded to achieve the 50 kHz 
readout rate for ALICE while preserving the current 
tracking benchmarks. The main considerations for the 
upgrade are: 
 
−  Proposed readout based on GEM chambers that will 
provide sufficient ion blocking to keep the resulting 
drift field distortions in Pb–Pb collisions at a 
tolerable level.  
− Complete redesign of the TPC front-end and readout 
electronics system. The new electronics must 
accommodate the negative signal polarity of the 
GEM detectors and a continuous readout scheme. 
− The limited bandwidth of the data acquisition 
system requires significant online data reduction. 
− The upgraded TPC must preserve the performance 
of the existing system in terms of momentum and 
dE/dx resolution. This requires that the space-charge 
distortions must be corrected to the level of the 
intrinsic spatial track resolution of the TPC. 
 
The overall dimensions of the TPC will remain 
unchanged; the segmentation of the readout planes into 
Inner and Outer Readout Chambers (IROC) will be 
preserved. The powering scheme of the field cage will 
be adapted to match the higher terminating voltages 
determined by the GEM system. The upgraded TPC 
will be operated with a Ne-CO2-N2 (90-10-5) gas 
mixture. The new TPC readout chambers will be 
equipped with quadruple GEM stacks for gas 
amplification. Comprehensive studies have shown that 
conventional triple GEM stacks using standard 
geometry GEM foils will not lead to sufficient ion 
blocking. Furthermore, prototype measurements 
indicate that ion backflow fractions <1% have been 
reached at a gas gain of 2000 and an energy resolution 
of 12% at 5.9 keV. These operational conditions will 
preserve the intrinsic dE/dx resolution and keep the 
space-charge distortions at a tolerable level. The 
performance simulations shown in Fig. 8 validate that 
the momentum resolution in the acceptance of the 
central barrel detectors of ALICE will be maintained 
for the TPC with GEM-based readout. The plot 
indicates a slight deterioration of the resolution in 1/pT 
for tracks using only TPC information. This 
deterioration is however fully recovered for global 
tracks combining tracking in ITS and TPC. 
 
Fig. 9 dE/dx resolution as a function of track momentum for MWPC 
and GEM readout. 
 
Fig. 10 Simulation of the absolute error in the measurement J/ψ’s v2 
with the current (solid symbols) and upgraded central barrel (open 
symbols) 
 
Fig. 8 Simulation of the resolution as a function of 1/pT for a TPC 
based on MWPC (left panel) and GEM readout (right panel). 




As for the particle identification performance, the 
dE/dx resolution observed in test beam with the GEM 
IROC is compatible with that of the MWPC IROCs. 
This behavior is confirmed in the simulation: Figure 9  
shows the   resolution as a function of the 
momentum for MWPC and GEM readout at low track 
multiplicity. Only a small difference between MWPC 
and GEM is observed. 
 One example of the of precision measurements that 
will be enable with the central barrel update 
(ITS+TPC) is shown in Fig. 10 that shows the J/ψ v2 
measurement is improved by a factor of ten after the 
upgrade. 
5. Muon Forward Tracker 
The MFT upgrade will allow performing high 
statistics measurements over a broad range in 
transverse momentum and versus collision centrality. 
Its acceptance will cover a forward pseudorapidity 
region (-4 <  < -2.5) which is not explored by any of 
the other LHC detectors for heavy-ion collisions, thus 
making the measurements unique and complementary 
to those at mid-rapidity. Moreover, in this forward 
region, heavy-ion collisions at the LHC access 
unprecedented small Bjorken-x values where 
phenomena related to saturation of low-momentum 
gluons can be best evidenced. 
Technologically, the MFT project will take 
advantage of a synergy with the R&D program already 
ongoing for the ITS upgrade, as both detectors are 
foreseen to share the same sensor technology. 
Identification and measurement of muons in ALICE 
are currently performed by the Muon Spectrometer 
[9]. Covering the pseudo-rapidity region -4<η<-2.5, 
the Muon Spectrometer (schematic in Figure 9 top 
panel) is composed of the following elements: 
 
− A hadron absorber made of carbon, concrete and 
steel, between z =-0.9 and z =5.03 m; its material 
budget corresponds to ten hadronic interaction 
lengths (60 X0), providing a reliable hadronic 
shielding. 
− A dipole magnet providing a magnetic field of up to 
0.7 T in the direction perpendicular the beam, 
corresponding to a field integral of 3 Tm. 
− A set of five tracking stations, each one composed 
of two cathode pad chambers with a spatial 
resolution of about 100 μm in the bending 
direction. 
− A 1.2 m thick iron wall, corresponding to 7.2 
hadronic interaction lengths, placed between the 
tracking and trigger systems, which absorbs the 
residual secondary hadrons emerging from the 
front absorber. 
− The muon trigger system, consisting of two detector 
stations, each one composed of two planes of 
resistive plate chambers, with a time resolution of 
about 2 ns. 
 
The existing Muon Spectrometer has provided a 
wealth of results and will continue to do so. However, 
it has an important limitation, which prevents us from 
unleashing the full potential of muon measurements in 
ALICE. Effectively no track constraints in the region 
of the primary vertex are available from the 
spectrometer. This is mainly due to the large distance 
of the tracking stations from the primary vertex in 
combination with the multiple scattering induced on 
the muon tracks by the frontal absorber.  
To overcome this limitation and to better exploit 
the unique kinematic range accessible at the LHC by 
the Muon Spectrometer, the MFT is proposed in the 
context of the ALICE upgrade plans. The MFT is a 
silicon pixel detector added in the Muon Spectrometer 
acceptance (-4 < η < -2.5) upstream of the hadron 
absorber. The basic idea is to match the extrapolated 
muon tracks coming from the tracking chambers after 
the absorber with the clusters measured in the MFT 
 
 
Fig. 11 Rendering of the current layout of the Muon Tracker (top) 
and the proposed upgrade (bottom).




planes before the absorber. Thus the inclusion of the 
MFT will increase the pointing accuracy to permit a 
reliable measurement of their offset with respect to the 
primary vertex of the interaction.  A rendering of the 
current (top) and the upgraded (bottom) Muon 
Spectrometer is shown in Fig. 11. 
The offset with respect to the primary vertex is 
defined, for a single muon, as the transverse distance 
between the primary vertex and the muon track. The 
offset resolution is a crucial parameter to characterize 
the pointing accuracy increase of the muon global 
tracks (MFT + muon chamber tracks) thanks to the 
matching between the MUON tracks and the MFT 
clusters.  A realistic evaluation of the offset resolution 
can be performed by means of full simulations.  
Figure 12 shows the offset resolutions calculated 
from simulations plotted as a function of 

. The 
simulations include a realistic residual misalignment 
of  ~15 μm and central Pb–Pb collision piled up.  
The observed values suggest that the MFT is able to 
perform a reliable separation between muons coming 
from charmed and beauty mesons (cτ ~150 μm and cτ 
~ 500 μm, respectively), allowing a proper 
measurement of open charm and open beauty 
production. In the same way, identification becomes 
possible for charmonium coming from b-hadron 
decay. Discrimination is also provided between muons 
from prompt sources and muons from semi-muonic 
decays of pions and kaons, of capital importance in the 
analysis of low mass dimuons, where the signal of 
interest is purely prompt.  
The low mass (Mμμμμ< 1.5 GeV/c2) dimuon region 
results from the superposition of various sources. The 
most interesting signals in this region are the decays of 
the light neutral mesons ρ, ω and φ – with the line 
shape of the ρ meson being a major item to address–, 
as well as the prompt dimuons directly radiated from 
the QGP phase. Here, the main source of the 
background is represented by the combinatorial pairs 
of muons coming from uncorrelated semimuonic 
decays of light-flavoured mesons, mainly pions and 
kaons, copiously produced in high energy nuclear 
collisions.  
 As far as the low mass prompt dimuons are 
concerned, in addition, dimuons coming from the open 
charm and open beauty processes must also be 
considered and treated as a source of background. The 
improvement of the pointing accuracy for the muon 
tracks by means of the matching between the MUON 
tracks and the MFT clusters also offers a more precise 
measurement of the opening angle for prompt 
dimuons, and thus improves their mass resolution; this 
is demonstrated with full simulations as shown in Fig. 
13.  
Another performance example is shown in Fig. 14, 
which shows the MFT enabled dimuon mass 
  
Fig. 12 Offset resolution along the y direction (results versus x are 
identical) as extracted from full simulations: including pile-up and 
zero residual Resolution is given for tracks with η<-3.2 (blue) and 
with η >−3.2 (red). 
  
Fig. 14 Dimuon mass distribution in the charmonium region 
integrated in pT, for 0-10% Pb-Pb collisions at  = 5.5 TeV, 
normalized to the expected statistics in a 10 nb-1 integrated 
luminosity scenario without the MFT (left) and with the MFT 
(right). 
  
Fig. 13 Expected low mass dimuon spectrum in 0-10% central Pb–
Pb collisions at  = 5.5 TeV after subtraction of the 
combinatorial background, normalised to an integrated luminosity 
of 10 nb-1 without (left panel) and with (right panel) the addition of 
the MFT to the ALICE Muon Spectrometer. 




distribution in the charmonium region integrated in pT, 
for 0-10% Pb-Pb collisions at = 5.5 TeV. 
6. Fast Interaction Trigger 
As mentioned in section 2, the ALICE upgrade 
strategy is based on collecting at least 10 nb-1 of Pb-Pb 
collisions at luminosities up to L = 6  1027 cm-2s-1 
corresponding to collision rates of 50 kHz, where each 
collision is sent to the online systems, either upon a 
Minimum Bias trigger or in a self-triggered, 
continuous fashion. In addition, we expect the 
collection of data at a collision rate of 200 kHz of 6 
pb-1of p-p collisions at the equivalent Pb-Pb nucleon 
energy as well as 50 nb-1 for p-Pb collisions. 
To this end a Fast Interaction Trigger  (FIT) has 
been proposed to discriminate beam-beam interactions 
with 99% efficiency and to provide a start signal for 
the rest of the ALICE detectors (Level 0 trigger) with 
a time resolution better than 30 ps. For the evaluation 
and rejection of beam-induced background and in 
particular beam gas interactions the FIT detector will 
find the vertex location with a performance of at least 
40 ps time resolution and 50% vertex efficiency for p-
p collisions, and 21 ps time resolution and close to 
100% vertex efficiency for Pb-Pb central and semi-
central collisions. Finally we expect that the FIT 
detector will be able to measure the reaction event 
plane with a resolution of 80% at around 20% 
centrality, 40% resolution for central collisions and 
10% resolution for the most peripheral Pb-Pb 
collisions. Finally, the FIT detectors will feed back to 
the LHC for luminosity monitoring. 
The present ALICE detector employs three forward 
detector systems, including the T0 [10], and the V0 
[11] that provide minimum bias trigger, multiplicity 
trigger, beam-gas event rejection, collision time for 
TOF, online multiplicity and event plane 
determination. In order to adapt these functionalities to 
the collision rates of the ALICE upgrade, it is 
necessary to replace these systems with the Fast 
Interaction Trigger (FIT). 
The most natural approach to address the upgrade 
requirements for the FIT is increasing the acceptance 
of the current T0. However, using the present setup of 
the T0 for the T0-Plus detector of a quartz + photo 
multiplier tube (PMT) is impractical, cannot provide 
the performance, is not cost effective, and would not 
fit to the space allocated to the trigger detector after 
installation of the Muon Forward Tracker.  Instead, a 
new concept of an array of modules consisting of 
segmented quartz radiators coupled directly to a micro 
channel plate-PMT (MCP-PMT) is proposed. A 
rendering of the current and upgrade proposal for the 
trigger detectors is shown in Fig 15. 
 The configuration of the T0-Plus detector is 
imposed by several factors such as the available space, 
tight material budget in the central region, required 
performance, cost constrains, etc. Each MCP-PMT 
module will be divided into 4 equal parts by cutting 
the quartz radiator into 4 and arranging the 64 anode 
sectors into the corresponding 4 groups. As a result, 
each array on both sides (A and C) of the interaction 
point (IP) will function as 20 x 4 = 80 independent 
  
Fig. 15 Conceptual drawing of the trigger detectors on one side of 
the interaction point as they are now (left) and after the upgrade 
(right).   
  
Fig. 16 Simulated efficiency of the T0-Plus detector as a function of 
primary particle multiplicity for p-p collisions (top) and as a 
function of the event centrality for Pb-Pb collisions (bottom). 




detector units. Ongoing Monte Carlo simulations are 
aimed at verifying the performance and fine-tuning of 
the design. 
 In the simulations, various values for minimum 
radius of the detector, beam pipe options, and position 
of the modules are investigated. The examples shown 
here correspond to 1.5  104 events generated with 
PYTHIA 6 for p-p collisions at center of mass energy 
per nucleon of  14 TeV and projected onto the 
real geometry of T0-Plus. The same simulations were 
performed with 8  103 HIJING events for Pb-Pb 
collisions at  5.5 TeV. Figure 16 (top) shows the 
optimized T0-Plus efficiency as a function of primary 
particle multiplicity in p-p collisions. The average 
multiplicity is around 235 with a very large spread 
around this number. Figure 16 (bottom) shows the 
efficiency as a function of the impact parameter 
(centrality) for Pb-Pb collisions. The trigger conditions 
used for these calculations were a coincidence between 
the A and C detectors and OR coincidence. The 
efficiency obtained is within the expected parameters.  
7. Conclusions 
To exploit the full potential of the high luminosity 
of the LHC in RUN 3, the ALICE experiment requires 
an upgrade. The strategy of this upgrade is to fully 
utilize high luminosity provided by the LHC after the 
LS2, and to collect 10 nb-1 at the collision rates of 50 
kHz (luminosity L = 6  1027 cm-2 s-2) in order to carry 
out the precision measurements of rare and 
untriggerable probes. To this end the ITS, TPC, MFT 
and FIT detectors, together with the DAQ system are 
being redesign. With these upgrades, most of the 
current physics measurements will be extended and 
they will be more precise. The new ALICE detector 
coupled to the LHC upgrade will enable detailed and 
quantitative characterization of the high density, high 
temperature phase of strongly interacting matter, 
together with the exploration of new phenomena in 
QCD to explore new physics measurements that may 
become available.   
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